The effects of the iodide Ion on abscission in bean leaf explants, 1967 by Allen, Mabel L. (Author) & Jackson, Johnny (Degree supervisor)
THE EFFECTS OF THE IODIDE ION ON ABSCISSION
IN BEAN LEAF EXPLANTS
A THESIS
SUBMITTED TO THE FACULTY OF ATLANTA UNIVERSITY
IN PARTIAL FULFILIMENT OF THE REQUIREMENTS








ALIEN, MABEL L. B.S., South Carolina State College, I96I
The Effects of the Iodide Ion on Abscission In Bean Leaf Explants
Advisor: Dr, Johnny Jackson
Master of Science degree conferred August 3> 196?
Thesis dated August, 196?
This investigation was undertaken in order to study the effects
of the iodide ion on the formation of the abscission zone in leaf explants
of 23 to 27 day old bean plants.
The abscission zone was excised from the terminal leaflet of the
first trifoliate leaf of the plants. The proximal and distal ends of the
tissue were treated with 5 concentrations of potassium iodide (1.0, 2.0,
3.0, U.O, 5»0X 10"^ M), either incorporated into plain agar blocks, or
agar blocks containing a promotive level of lAA (200 mg/l), or an inhibi¬
tory level of lAA (500 mgA)» The res\3lts showed that the iodide ion con¬
siderably retarded abscission in the bean explants. The two levels of
lAA, and the different sites of application had no appreciable effect on
the inhibitory action of KI,
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Boyd (6) reported in the patent literature that water soluble in¬
organic iodide salts when applied to the leaves of crop bearing plants
nearing mattirity induced substantial defoliation. Later Nolan (16) re¬
ported similar results with the use of elemental iodine, lifhile screening
certain synthetic compounds for herbicidal activity, Herrett, Hatfield,
Crosby, and Vlitos (10) noticed that various organic iodide complexes and
simple iodides such as salts of alkali metals caused marked defoliation
when applied to certain legumious plants. Since auxin appears to be the
most important factor regulating the onset and rate of abscission, Herrett
et al. (10) suggested that some intimate relationship apparently exists
between the iodide induced abscission and the indoleacetic acid (lAA)
level in the plants.
The role of aiccin in leaf abscission has been recognized since
the early 1930* s (13 )• Yet, the exact mechanism through which auxins ex¬
ert their effects is still not clear. Cams (7) stated that in recent,
and separate reviews Addicott, Jacobs, Rubenstein, and Leopold assigned a
different and specific regulatory role to auxin in leaf fall. However,
they generally agreed that the onset and rate of abscission is brought
about by a lowering of the auxin concentration. A defoliant generally is
believed to exert its effect by interfering either directly or indirectly
with the auxin level across the abscission zone. Prior to the above re¬
ports of Boyd (6), Nolan (l6), and Herrett et al. (10), the only iodide
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coit^jound that seems to have been used in any appreciable degree as a de¬
foliating agent has been 2, 5j-tri-iodobenzoic acid (TIBA),
This investigation was undertaken in order to study the effects




Leaf fall with age is a coiranon phenomenon among many plants.
Generally it has been found to be associated with a separation layer or
abscission zone which usually foirnis at the base of the abscissing organ.
The exact role of this layer in leaf fall is not well-defined because cer¬
tain deciduovis plants shed their leaves without producing such a layer
(lU). In leaves where the abscission layer usually develops, its initia¬
tion may be brought about by several factors. Among them are low tempera¬
tures, application of growth regulators, a water deficit, removal of the
leaf blade, reduced light, and the application of defoliants (lU).
In 1936, LaRue (12) demonstrated that the abscission of debladed
petioles in Coleus plants could virtually be completely inhibited by capp¬
ing the sturf) with lanolin paste containing lAA. Since that time numerous
reports substantiating his work, with Coleus and other plants, have ap¬
peared in the literature (l, 2, 3j Sy 8, 9, 11, !$)• The work of Addicott
and lynch (2) showed that abscission could either be accelerated or re¬
tarded by lAA depending upon the locus of application and concentration.
Relatively high auxin levels generally retard the formation of the ab¬
scission zone whereas lower concentrations have the reverse effect.
Shoji, Addicott, and Sivets (17) studied abscission in the trifoliate
leaf of Black Valentine beans and found that a moderately high auxin lev¬
el, which was considerably above that of the stem, was maintained in the
blade throughout its normal functioning. It was further noted that before
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the leaflets abscissed, their aToxin concentration declined to the level
of that found in the stem. They concluded that it was the auxin gradient
across the abscission zone that controlled leaf fall and not the actual
amount. After a more extensive and probing investigation of abscission,
Addicott, lynch, and Cams (3) came to the same conclusion as Shoji et
(17) as to the role of auxin in abscission.
The work of Gaur and Leopold (9) with explants of Red Kidney
beans indicated that abscission was apparently controlled by the quantity
of auxin and not by the auxin gradient as was proposed by Shoji et al,
(17), and Addicott ^ al, (3), They stated that a low concentration of
auxin at the abscission zone accelerated the process, whereas a high con¬
centration inhibited abscission. Since Addicott et |1, (3), and Gaur and
Leopold (9) proposed two different theories regarding the effects of auxin
on abscission, their work was reinvestigated by Biggs and Leopold (5) with
the use of explants from Red Kidney beans. They concluded from their
study that the primary action of auxins is directly on the abscission
zone and is of a two-phase type with low concentrations accelerating ab¬
scission and high concentrations inhibiting abscission.
The exact mechanism through which auxins exert their effects on
leaf fall is not clear. However, most studies show that factors which
interfer with its action or cause a decline in its concentration usually
have accelerating effects on abscission. Ethylene, a naturally occurring
defoliant, has been found to promote abscission and also break auxin in¬
duced bud dormancy by causing, in some way, a drop in the auxin level (it).
Synthetic defoliants, also, have been found to greatly reduce the auxin
level of leaves, Audus (U) states that the more widely used synthetic
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defoliants are highly toxic substances and suggest that their defoliating
action is probably due more to leaf injury rather than to the direct
action on the auxin.
The work of Herrett ^ al. (10) showed that the iodide ion could
induce premature abscission in the leaves of Tendergreen beans. Their
work which was the only extensive report found in the literature supported
the statements of Boyd (6), and Nolan (l6). Herrett and co-workers (10)
noticed that abscission induced by the iodide ion was preceded by leaf
blade desiccation and concluded that this reduced the auxin content which
resulted in leaf fall.
CHAPTER III
MATERIALS AND METHDDS
Bean leaf explants (Phaseolus vulg;aris variety Tendergreen) were
used as experimental plant material. The plants were grown from seeds
planted in loam soil under normal greenhouse conditions for 23 to 27 days.
The bean explants were excised from the terminal leaflet of the first tri¬
foliate leaf so as to include 10 ram of rachis and 3 mm of pulvinus tissue
(Fig. 1).
Potassium iodide obtained from the J. T. Baker Chemical Company
served as the source of the iodide ion. Three different groups of experi¬
ments were performed. For Group A, 3 different concentrations of KI
(1.0, 2.0, 3.0, ii.O, 5*0 X 10"^ M) were incorporated separately into 1.^^
agar, and plain agar served as the control. After forming a gel the agar
was cut into •uniform blocks (13 ram?).
For each iodide treatment the leaf explants were inserted separate¬
ly into pairs of agar blocks that contained the desired concentration of
potassium iodide. Both ends of the controls were placed into plain agar
blocks. Five similarly treated tissue explants were placed horizontally
into separate Petri plates, covered, and kept at room temperature on a
laboratory table for ^ days (Fig. 2). Each plate was checked daily for
abscission by pressing lightly on the pulvinus with a small glass rod.
For the first test (T-IA) in Group A, the proximal ends of the explants
were subjected to the 5 KI concentrations and the distal ends were placed







Fig, 1, Diagram of a trifoliate bean leaf showing the position of
0
explanted tissue and with indications of the positions in
which agar blocks were placed, A - distal, B - proximal.
6
Fig. 2, Diagram showing how the ends of leaf explants were inserted
into agar blocks. J^-proxinial, D-distal.
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the second test (T-2A) were treated with KI and the distal ends were
placed in plain agar blocks. With the third test (T-3A) the proximal
and distal ends were implanted in agar blocks containing KI.
All agar blocks used in experiments performed in Groups B, and
C contained 200, and ^00 mg of IAA/1, respectively, in addition to the
several concentrations of KI. The experiments in Group B (T-IB, T-2B,
T-3B) and Group C (T-IC, T-2C, T-3C) were set up and carried out in the
sairffi manner as described for Group A with the exception of the lAA factor
(Table l).
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Table 1. Sites of application of agar blocks containing the various con¬
centrations of KI on bean leaf explants.
Test Proximal Distal
C - A, B. C * *
T-1 Ay B. C KI *
T-2 A, B, C * KI
T-3 A, B, C KI KI
* Agar blocks without any KI
CHAPTER IV
EXPERIMENTAL RESULTS
Presented in table 2, and figure 3 are the results of the first
series of experiments (Group A) in which leaf explants were treated with
KI incorporated into plain agar. After 3 days a relative high percentage
of abscission was apparent among the controls of each group 92, 80, and
96^ respectively (Table 2). Tissue explants exposed to the lowest concen¬
tration of KI (1.0 X 10“^ M) showed a marked decrease in the percentage
of abscission (e.g. 20, I8, 10^). This decline continued among those ex¬
plants exposed to higher levels of KI. The highest concentration of
iodide (5.0 X 10"^ M) alimjst completely inhibited the formation of the
abscission zone.
The effects of KI on the abscission of the bean leaf explants
when applied in blocks containing lAA at a concentration of 200 mgA are
shown in table 3, and figure U. This level of auxin appeared to enhance
the rate of abscission among the controls of each of the experiments in
Group B (Table 3). On the first day of treatment 20^ or more of the ex¬
plants abscissed in Group B, whereas among the controls of Group A the
highest percentage of abscission noticed during the first 2k hours was
16^ (T-IA, Table 2). However, the total percentage of abscission among
the controls of the two groups (Group A, and Group B) appeared not to
differ significantly. The explants exposed to KI in Group B (Table 3>
Fig. I4.) followed basically the same marked inhibitory trend as noted
earlier among similarly iodide treated leaf tissue in Group A (Table 2,
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Table 2. Effects of KI on the rate of abscission in bean leaf explants
(Group a).
KI % of abscission
concentration Days after treatn^nt
(X 10-^ M) 1 g 3 1. 5
Group T-IA
0.0 16 68 8 0 0
1.0 0 k 16 0 0
2.0 0 8 8 0 0
3.0 0 8 2 0 0
ii.O k 0 0 0 0
5.0 0 6 0 0 0
Group T-2A
0.0 h 76 0 0 0
1.0 0 2 16 0 0
2.0 4 h 8 0 0
3.0 0 8 8 0 0
ii.O 0 2 li 0 0
5.0 0 2 0 0 0
Group T-3A
0.0 0 68 28 0 0
1.0 0 8 2 0 0
2.0 0 12 8 0 0
3.0 0 2 8 0 0
ii.O 0 0 6 0 0
5.0 0 0 0 0 0
ABSCISSION{%)
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KI (XJNCENTRATION (X 10"^ M)
Fig. 3. Comparison of the effects of KI on abscission in bean explants
when applied at different positions.
* No abscission
lU
Table 3. Effects of KI on the rate of abscission in bean leaf explants
(Group B),
KI % of abscission
concentration Days after treatment
(X 10"^ M) 1 2 3 u 5
Group T-IB
0.0 20 76 U 0 0
1.0 0 20 0 0 0
2.0 U 16 0 0 0
3.0 u 8 0 0 0
U.o 0 12 0 0 0
5.0 0 U 0 0 0
Group T-2B
0.0 2U 68 0 0 0
1.0 u 20 0 0 0
2.0 u 16 0 0 0
3.0 8 U 0 0 0
U.O u 0 0 0 0
5.0 0 12 0 0 0
Group T-3B
0.0 20 5U 8 0 0
1.0 0 U 0 0 0
2.0 u 8 0 0 0
3.0 0 12 0 0 0
U.O u U 0 0 0




0,0 1.0 2.0 3.0 U.O 5.0
KI CONCENTRATION (X 10"^ M)
Fig. U. Comparison of the effects of KI on abscission in bean explants




Fig. 3). The rate of abscission appeared to have been increased slightly
by the addition of aiixin in Group B but the total percentage seemed unaf¬
fected by the concentration of lAA.
The leaf explants in Group C (Table Fig. 5) were exposed to
KI in agar blocks containing lAA at a concentration of ^00 mg/1. This
level of auxin caused a marked retardation of abscission even among the
controls (Table ii. Fig. 5)^ whereas the lower concentration of lAA used
in Group B appeared not to materially effect abscission among any of the
explants.
The level of auxin used in the e:3q)eriments of Group C seented to
have greatly masked the inhibitory effect of KI (Fig. 5) which was appar¬
ent among the explants in Group A, and Group B. Throughout the lower
concentrations (1.0, 2.0, 3.0, X 10"^ M KI) the lAA appeared to have an
additive effect on the action of KI (cf. Figs. 3, U, $)•
The application of KI at different sites (proximal, distal,
proximal and distal) adjacent to the abscission zone had little, if any,
effect on the rate or percentage of abscission among the different leaf
explants.
The explants used in Group A (without lAA) showed marked degrees
of yellowing within 2 to 3 days after treatment. This became more pro¬
nounced among explants treated with KI ranging from 3*0 to ^,0 X 10“^ M.
The site of application of the iodide ion did not alter these results.
After the yellowing occurred, in a majority of cases, the eaplants became
very soft and showed signs of decay before the end of the observation
period.
The most striking general observation among the control explants
17







1 2 3 U 5
Group T-IC
0.0 0 12 0 0 0
1.0 8 0 0 0
2.0 0 0 0 0 0
3.0 U 8 0 0 0
U.o 0 12 0 0 0
5.0 0 0 0 0 0
Group T-2C
0.0 0 8 0 0 0
1.0 0 0 0 0 0
2.0 0 12 0 0 0
3.0 0 8 0 0 0
U.O 0 0 0 0 0
5.0 0 0 0 0 0
Group T-3C
0.0 0 8 0 0 0
1.0 0 12 0 0 0
2.0 0 8 0 0 0
3.0 0 0 0 0 0
li.O \x li 0 0 0
5.0 0 8 0 0 0
ABSCISSION{%)
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KI CONCENTRATION (X 10“^ M)
Fig. 5. Comparison of the effects of KI on abscission in bean explants




was that they had a tendency to remain green and vibrant during the en¬
tire 5 day observation period, even after abscission had occurred. This
was evident in all controls, those treated with agar blocks containing
both concentrations of lAA, and those treated with plain agar blocks.
CHAPTER V
DISCUSSION
The data obtained in this study gives no evidence that the iodide
ion promotes abscission in bean leaf explants* The several treatments
(KI only, KI with a proraotive level of lAA (200 mgA), KI with an inhibi¬
tory level of lAA (500 mgA) showed little, if any, variation in total
percentage of abscission is evidence for this statement. Hy results dem¬
onstrated that KI retarded abscission in bean leaf explants and are not
in agreement with those of Boyd (6), Nolan (l6), or Herrett ^ al. (10).
They reported that the iodide ion promoted abscission in certain plants,
however, several factors may have been responsible for the difference.
The first and maybe a major factor which probably contributed
to the seemingly conflicting resvilts was the specific tissues used. In
this stu(fy explants from the first trifoliate leaf of bean was employed
whereas Herrett and co-workers (10) treated the primary leaf (a sinple
leaf) of bean. They stated that prior to abscission the iodide conpounds
apparently caused the desiccation of the blade. It is generally known
that leaf blades are major sources of distal auxin which greatly retards
abscission when present in relatively high concentrations. Therefore,
in the study of Herrett et (10) the iodide ion probably induced ab¬
scission by directly or indirectly killing the leaf blade which apparently
caused a substantial reduction in the distal auxin level, thereby causing
premature defoliation. They also found that highly concentrated iodide
conpounds induced severe desiccation which resulted in freezing the
20
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leaves on the plants.
The concentration of the iodide ion may also have been partially
responsible for the variance. The level used by Herrett et (10)
ranged from O.UU to 7.35 X 10"^ M which was higher than that eii5)loyed in
this study. In spite of the fact that the concentrations were higher in
their work, the actual amount reaching the abscission region in the pres¬
ent investigation may have been considerably higher. Herrett et (lO)
cited evidence which strongly suggested to them that the iodide ion was
retained within the leaf blade.
Ifeny of the explants treated with the higher levels of KI
(3.0, ii.O, 5.0 X 10“^ M) exhibited signs of yellowing and early decay
while the controls and most of those exposed to the lower concentrations
(1.0 and 2.0 X 10“^ M Kl) remained green and vibrant during the entire 5-
day test period. These results strongly suggested that higher levels of
KI affected adversely the basic metabolism of the tissue or that they
were somewhat toxic. Herrett et ri. (10) reported that the iodide ion
caused the petiole to become yellow as indicated for the rachis above.
Further evidence tdiich demonstrated that the iodide ion retarded
abscission was obtained when the KI was applied in conjunction with a low
and a hi^ level of IM. The work of Addicott and lynch (2) indicated
that relatively low concentrations of lAA promoted abscission whereas
much higher levels had the reverse effect. In this investigation the re¬
sults showed that the level of lAA had no appreciable effect on the in-
hibitoiy action of the KI.
The site of application of the various concentrations of KI did
not show any significant differences in the rate or total percentage of
22
abscission among the various bean leaf explants.
CHAPTER VI
SUMMARY
Leaf explants which included 3 mm of pulvinus tissue and 10 ram
of rachis tissue were excised from the terminal leaflet of the first tri¬
foliate leaf of bean plants. The proximal and distal ends of the ex-
planted tissue were treated with $ concentrations of KI (l.O, 2,0, 3.0,
U.O, X 10“^ M), either incorporated in plain agar, or agar blocks
containing a promotive level of lAA (200 ragA) or agar blocks containing
an inhibitive level of lAA (^00 mgA).
The data showed that the iodide ion retarded abscission sub¬
stantially. This was more pronounced among explants treated with the
higher concentrations of KI. The 2 levels of lAA had little, if any,
influence in altering the action of the KI. Explants treated with KI
at different positions (proximal, distal, proximal and distal) did not
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